Background: Visual analgesia refers to the phenomena where people report decreased pain intensity when they see the painful or painfully stimulated body part. Alongside pain, sensorimotor impairment (i.e., disturbed proprioception) is also evident in chronic pain. This study aims to investigate whether real-time visual feedback offers additional pain relief and proprioceptive improvement when used in combination with recommended therapies in neck pain patients who received manual therapy with or without real-time visual feedback. Methods: A total of 29 neck pain patients were recruited in an outpatient physical therapy practice. Patients were randomly allocated to receive manual therapy of the cervical spine with real-time visual feedback or to a control group where patients received manual therapy without real-time visual feedback. Habitual pain intensity, the pressure pain threshold at the zygapophyseal joint of C2-C3 and the superior angle of the scapulae and cervical proprioception were assessed before and immediately after the intervention by a blinded assessor. Results: A between-group comparison revealed a significant reduction in habitual pain in the real-time visual feedback group. No differences were found for the pressure pain threshold or proprioceptive performance. Conclusions: Real-time visual feedback combined with manual therapy enhanced the analgesic effect of manual therapy in neck pain patients, but had no positive effect on the pressure pain threshold and cervical joint position sense. The technical demands for integrating real-time visual feedback into daily practice to reduce habitual pain are low, have low costs and are easy to apply. Significance: Real-time visual feedback reduces habitual pain immediately after the intervention. Due to its easy integration, it may be an effective adjunct to recommended interventions (i.e., manual therapy) in patients with neck pain.
Introduction
Chronic neck pain is the fourth-most common disabling musculoskeletal disorder worldwide, affecting approximately 4.8% of the global population for periods over 3 months (Global Burden of Disease Study 2015) . The lifetime prevalence of chronic neck pain in Germany ranges from 33% to 42% (Wolff et al., 2011) , and it accounts for 4% of all general practitioner visits (Scherer and Chenot, 2016) . Woman are more affected than men (Hogg-Johnson et al., 2008) , and despite considerable efforts, often no clear diagnosis can be made (Malfliet et al., 2015) . Patients with neck pain demonstrate a variety of impairments, such as a reduced range of motion (Stenneberg et al., 2017) , reduced postural control (Ruhe et al., 2011) and reduced cervical joint position sense (CJPS) acuity (Stanton et al., 2016; de Zoete et al., 2017) .
Guidelines for the treatment of chronic neck pain emphasize education, reassurance and conservative treatment (i.e., exercise and manual therapy) (Chou et al., 2018) . A recent systematic review of manual therapy considered it as an effective intervention against chronic neck pain (Wong et al., 2016) . Exercises targeting muscle strength (Ylinen et al., 2007) or muscle activity (Amiri Arimi et al., 2017) are also effective at reducing pain and disability. In addition, sensorimotor interventions such as balance exercises (Beinert and Taube, 2013) or proprioceptive exercises can reduce pain (Jull et al., 2007) , restore muscle activity (Gallego Izquierdo et al., 2016) and effectively treat neck pain (McCaskey et al., 2014) . In a clinical setting, the aim of proprioceptive exercises in neck pain patients is to facilitate their awareness of their own posture, especially the postural relationship among the head, neck and upper body. Therefore, proprioceptive exercises are often combined with visual feedback in a mirror to facilitate the awareness of good body posture (Meier, 2007) .
Visual feedback has itself gained increasing attention as an analgesic intervention in recent years. The term visual analgesia refers to the phenomena where people report a decrease in pain intensity when they see the painful or painfully stimulated body part. This was first demonstrated by Longo (Longo et al., 2009) who showed that the perceived pain intensity during laser stimulation of the hand could be modified by seeing the stimulated body part. A similar observation was made in patients with chronic back pain, where real-time visual feedback of pressure pain stimulation or electrical stimulation of the back reduced the perceived pain intensity (Diers et al., 2013) . In line with these results, simply watching the back was sufficient to reduce habitual back pain (Diers et al., 2016) and movement-induced back pain (Wand et al., 2012) in chronic back pain patients. In a clinical setting, results demonstrated increased pain reduction when watching the back while being treated with a massage (Loffler et al., 2017) . Thus, seeing the site of stimulation or any aching part of the back in rest or movement has an analgesic effect on the back pain or improves treatment at this site.
To date, visual feedback has not been combined with a recommended intervention in neck pain patients so far, therefore the question arises as to whether real-time visual feedback of the neck during manual therapy offers greater pain relief than manual therapy alone. The potential sensorimotor effects were also of interest, and it was hypothesized that there would be improved proprioceptive acuity with real-time visual feedback, as the spatial orientation with respect to the alignment of the head to the neck and trunk should improve after one's own head and neck alignment is seen in space.
Material and methods
A total of 29 subjects (age: 45.5 AE 12.6 years; five men) with chronic idiopathic neck pain were recruited through an advertisement placed in a secondary outpatient rehabilitation clinic in southern Germany. Patients underwent a medical examination and were included if they had experienced unilateral idiopathic (without identifiable serious structural pathology) neck pain without radiation into the arm for more than 6 months, were aged 18-65 years and had a stable medication plan that had not changed over the past 3 months. Patients were excluded if they were experiencing whiplash-associated disorders, any neurological disorders or deficits, vestibular pathologies, problems with vision and hearing or osteoporosis. All patients completed the German version of the Neck Pain Disability Scale (NPAD-d) (Scherer et al., 2008) . Written informed consent was obtained before participation, and the study was approved by the ethics committee at the Medical Faculty Mannheim, Heidelberg University, and adhered to the Declaration of Helsinki.
Experimental procedure
An assessor who was blinded to the experimental procedure determined habitual pain, CJPS and the pressure pain threshold (PPT) at the zygapophyseal joint of C2 and over the superior angle of the scapula on the painful side before and after the intervention. An individual who was not involved in this study randomly allocated patients to the experimental group, which received manual therapy with real-time video feedback, or the control group, which received manual therapy alone. Patients were not aware of their group assignment. A therapist with 5 years professional experience delivered manual therapy to the cervical spine. The manual therapy technique involved unilateral low-velocity pain-free mobilization with the subject in a sitting position and was delivered to the painful side over the zygapophyseal joint. During mobilization, the patient's head and the transverse process of C1 were stabilized by the therapist, while their other hand applied a gentle force in the anterior direction. The intensity of the force was adjusted to the pain of the patient so that pain-free oscillations were performed. Five series of 45-s mobilizations were performed with 15 s of rest. Post-test measurements were performed immediately after the mobilization.
Apparatus
The experimental group received real-time visual feedback of the manual therapy technique during mobilization. A camera (Logitech C170 Webcam, Logitech, Switzerland) was placed behind the participant, and a 14-inch laptop monitor (Latitude, Dell, Germany) was placed in front of them. During the mobilization, the participants were asked to watch the monitor to observe the technique delivered on the cervical spine (Fig. 1) . The control group received no visual feedback.
Habitual pain
Patients rated the intensity of their habitual neck pain before and after the intervention. Pain intensity was rated on a numerical rating scale (NRS) from 0 to 10, with 0 equalling no pain and 10 equalling the strongest pain. Measuring pain intensity on a NRS has previously shown fair-to-moderate reliability, with an intraclass correlation of 0.76 (Cleland et al., 2008) .
PPT
The PPT was assessed at the zygapophyseal joint of C2-C3 and over the superior angle of the scapula on the affected side using a pressure gauge device (Algometer, FDN200; Wagner Instruments, Greenwich, CT) and a probe area of 1 cm 2 (probe diameter of 1.1 cm). The assessor continuously increased the pressure over the abovementioned targets until the patient called out 'yes', indicating the start of the painful pressure experience. Three repetitions were performed at the zygapophyseal joint of C2-C3 and at the superior angle of the scapula. Excellent intratester reliability was previously reported, with intraclass correlations of 0.94-0.97 (Walton et al., 2011) .
CJPS
A cervical goniometer (CMS, GMON, Germany) with a laser pointer (P2, NOBO, Germany) was mounted on the head of the patient, who was seated in an unsupported straight position on a chair at a distance of 90 cm from the target (Revel et al., 1991) . The target was an adjustable board that was placed at the individual's eye level when they were looking straightforward. This head position was determined as the neutral head position (NHP) and was marked on the board. After assessing the NHP, patients were blindfolded and asked to perform head and neck movements by rotating to the left and right and extending and flexing. The patient returned to the NHP after each movement. Reaching the NHP was verbally indicated by the subject, and the location of the laser point was marked on the board. Eight repetitions were performed for each direction to generate reliable data. The five initial trials were used to accustom the patients with the task. The remaining three repetitions were used to calculate the mean measurement and generate a value of CJPS acuity. The distance between the NHP and the marked position was calculated in cm. The absolute error of the mean difference was calculated. This measurement procedure was highly correlated with ultrasound measurements (r = 0.95) and demonstrated good-to-excellent testretest reliability, with intraclass correlations of 0.52-0.81 (Roren et al., 2009 ).
Statistical analysis
Statistical analyses were conducted using IBM SPSS Statistics Desktop for Windows (version 24.0: IBM, Armonk, NY, USA). Gaussian distribution was confirmed using the Kolmogorov-Smirnov test. Pretreatment demographic and baseline data were compared between the two groups using two-sample Student's t-tests and chi-squared tests. To test the hypotheses, different scales for habitual pain and PPT were computed by subtracting the ratings before treatment Figure 1 Experimental setup. The patient is seated in front of a laptop and is observing the delivered neck treatment in real time as it is filmed with a camera placed behind him. from those after treatment. This yielded negative values for a reduction and positive values for an increase over the time course of the intervention. A two-sample Student's t-test was used to detect potential group differences in these data. For CJPS, the mean values for extension, flexion, rotation to the left and rotation to the right were averaged within subjects and across subjects. This global value was used to compute a difference scale by subtracting prevalues from post-test values. Finally, a twosample Student's t-test was calculated to detect potential group differences for CJPS. Effect sizes were determined by Cohen's d. Mean values and standard deviations were calculated for each variable. The a level was set to 0.05 for all tests.
Results
All participants successfully completed the study, and no adverse events were reported during or after the intervention. Gender distribution between the groups revealed no significant difference [X 2 (1) = 20.243, p = 0.622]. Data were normally distributed for all variables. Baseline characteristics revealed no significant differences between the groups with regards to age, pain duration or disability. Patients showed moderate-to-severe restrictions on the NPAD-d (Table 1) .
Habitual pain
Before the treatment, habitual pain was not significantly different between the two groups [t(27) = 0.41, p = 0.65, d = 0.06]. For the calculated difference scale (post-pre), a significant difference in the average pain reduction was found between the groups with lower pain ratings in the real-time feedback group [t(27) = 2.11, p = 0.04, d = 0.43] ( Table 2 and Fig. 2 ).
Pressure pain threshold PPT
Before the treatment, the PPT at the level of C2 [t(27) = 0.43, p = 0.51] and over the superior angle [t(27) = 0.58; p = 0.77] was not significantly different between the two groups. The mean pre-and post-treatment PPT difference between the groups (Table 2) was not significantly different at the level of C2 [t(27) = 0.66, p = 0.16] or the superior angle [t(27) = 1.03, p = 0.31] ( Table 2) .
Cervical joint position sense CJPS
No between-group difference was found for CJPS error before the treatment [t(27) = 0.73, p = 0.12]. The mean difference between pre-and post-treatment values for CJPS error increased in both groups (Table 2 ), but was not significantly different between the groups [t(27) = 0.38, p = 0.70].
Discussion
The aim of this study was to determine whether real-time visual feedback in conjunction with manual therapy offers greater pain reduction than manual therapy alone. It also aimed to determine whether real-time visual feedback improves posttreatment sensorimotor function as measured by CJPS acuity. Between-group comparisons revealed that manual therapy led to a significant reduction in habitual pain in the real-time feedback group compared to the control group immediately after the intervention. No significant between-group differences were found for the sensorimotor function of the cervical spine and, interestingly and against the initial hypotheses, CJPS acuity decreased after manual therapy. Real-time visual feedback had no between-group effects on PPT.
The decrease in habitual pain intensity is in line with a recent study where real-time visual feedback, when given as an adjunct to massage therapy, reduced habitual pain (Loffler et al., 2017) . The results of this study cautiously support the use of real-time feedback as an adjunct to manual therapy for habitual pain reduction; however, it does not provide any direct evidence for this interpretation as the study did not contain a condition with visual feedback alone. In the real-time feedback group, average habitual pain decreased by more than two points on the NRS and can, therefore, be classified as a minimally important clinical change (Farrar et al., 2001; Cleland et al., 2008) with a small-to-medium effect size. This critical value was reached within 5 min of treatment. However, a decrease in pain was also observed for the control group for more than one point on the NRS. The difference in pain reduction comparing both groups was below one point on the NRS and therefore did not reach the value for minimal clinical important changes. It was suggested that visual analgesia modulates the pain processing network via posterior parietal brain areas that are responsible for the integration of multisensory aspects of the body. This assumption was based on observations using painful laser stimulation, where watching one's own hand during stimulation had an analgesic effect compared to watching an image of a book as a control condition (Longo et al., 2012) . This analgesic effect was accompanied by reduced activity in the ipsilateral primary somatosensory and contralateral operculo-insular cortex. Brain areas involved in the visual perception of the body increased the effective connectivity between posterior parietal areas and the secondary somatosensory cortex, anterior and posterior insula and anterior cingulate cortex (Longo et al., 2012) .
While the abovementioned observations were made from studies of the hand, the present population demonstrated visual analgesia at the neck, which is a body region not normally seen in everyday life. Neck muscles, especially deep neck muscles, show a high density of muscle spindles (Boyd-Clark et al., 2002) and contribute to postural control together with information from the vestibular and visual system. Neck pain is associated with impaired CJPS Stanton et al., 2016) which relies strongly on proprioceptive information from muscle spindles. The underlying mechanisms in CJPS beyond decreased acuity are not understood but include potential impairments in afferent input, signal processing at any level of the central nervous system and efferent output. In this study, reliance on visualization of the neck may have supported a reduction in sensory-motor mismatch by reweighting Table 2 Habitual pain, pressure pain thresholds and cervical joint position sense. information processing in favour of visual and vestibular information. McCabe et al. (2005) demonstrated that sensory-motor mismatch between proprioceptive and visual information of the upper extremity in healthy volunteers caused pain and tingling sensations in the participant's arm, thus demonstrating the importance of congruent afferent information for the central nervous system. The ongoing mismatch between afferent information may sensitize the nervous system and leads to chronic habitual pain. Real-time visual feedback of the neck may have caused the central nervous system to reweight information processing and thus rely more on visual and vestibular information, which may be more congruent than the abnormal afferent input. Congruent information processing could have inhibited habitual pain in the present population. The analgesic effects of manual therapy are not fully understood (Vigotsky and Bruhns, 2015; Voogt et al., 2015) . Recent reviews emphasize the role of spinal and supraspinal structures, which are triggered by manual therapy, in inhibiting pain responses in the peripheral and central nervous system (Bialosky et al., 2018) . In patients with osteoarthritis of the knee, manual therapy increased the efficacy of conditioned pain modulation (Courtney et al., 2016) . The authors suggested that manual therapy may downregulate spinal excitability, which is controlled by brain regions such as the periaqueductal gray, the dorsolateral prefrontal cortex, the insula, the medulla, the pons and the cerebellum (Hermans et al., 2016) .
The PPT was not different between groups. If realtime feedback is applied simultaneously with painful pressure stimulation, pain ratings decrease (Diers et al., 2013) . In this experiment, the PPT was assessed before and after the real-time feedback but not simultaneously. This approach may have caused the difference in results.
Manual therapy decreased CJPS acuity immediately after the intervention. This result is surprising as it was hypothesized that real-time visual feedback would improve egocentric body orientation in space by means of increased relocation accuracy of the head in relation to the torso. There are few reports on the immediate effects of manual therapy on CJPS; however, long-term results of manual therapy in patients with neck pain support the use of manual therapy to improve CJPS acuity (Heikkila et al., 2000; Palmgren et al., 2006) , and recent reviews recommend manual therapy to restore proprioception (Kristjansson and Treleaven, 2009; Clark et al., 2015) . In this study, the immediate results indicate that in addition to neurophysiological adaptions, alterations in the viscoelastic properties of passive structures around the cervical spine must also be considered when explaining the decreased CJPS acuity. Manual therapy was applied as cyclic stretching of passive structures in this study. Alterations in the viscoelastic properties of passive structures may have caused altered reflex activity in segmental muscles (Solomonow, 2006) , thus resulting in a potential mismatch between arising afferent input and stored memory of the NHP in the body schema. This mechanism may have counteracted the beneficial effects of visual feedback on sensorimotor function in the cervical spine.
Conclusion
Immediate beneficial effects of visual real-time feedback as an adjunct to manual therapy were observed in neck pain patients with respect to habitual pain; however, CJPS acuity decreased. Real-time feedback can be provided with low technical demands and costs and can, therefore, be easily incorporated into daily treatment routines. Future studies with larger sample sizes should evaluate the potential long-term benefits of real-time feedback as an adjunct to manual therapy and identify treatments that reduce pain and improve proprioceptive acuity. 
